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N° IX. 



Experiments on Evaporation, and Meteorological Obferva- 
tions made at Bradford in Neiv -England, in 1772, by 
the Rev. Samuel Williams, A. M. 



IN making experiments on tKe quantity of water that 
evaporated in the year 1771, the method I ufed, was 
to fill the veffel the beginning of every month: In the 
courfe of thefe experiments, I obferved that in the begin- 
ning of the month when the tube was newly filled, it ex- 
haufted much fafter than towards the latter end, when one 
or two inches of the water was evaporated ; and that the 
quantity of evaporation meafured this way, came out lefs 
than the quantity of rain that fell in the courfe of the 
year. The beginning of the year 1772, I attempted to 
examine this matter more carefully. With this view I 
made the following experiments. 

EXPERIMENT I. 

I procured two cylindrical veflfels of three inches diame- 
ter, and fix deep, as much alike as they could be made : 
One, I filled with water as I had done in 1771, once a 
month; the other, with the lame kind of water, once a 
week; and placed them about fix inches apart, in fuch a 
manner as to be expofed to the wind, and fun, but cover- 
ed from the rain. The refult was, that which was filled once 
a week, exhaufted about one third more than the other. In 
"January and February, the difference was a little lefs; in 
March and April, it was a little more. In May, the laft 
month in which I compared them, the evaporation from 
the former was 6.35 inches ; from the other 4. 1 o. By this 
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experiment I was convinced that it never could be known 
with much accuracy by either of thefe methods, what 
quantity of water does really evaporate from the furface 
of feas, lakes and rivers. For in the one cafe, after 
about an inch is exhaufted the furface of the water is too 
much fheltered from the wind, which greatly retards the 
evaporation. In the other, as the water has all the advan- 
tage of the wind, and is heated by the fun, and atmof- 
phere, to a confiderable greater degree than the water in 
feas, lakes and rivers, the quantity of evaporation comes 
out too much. And therefore nothing certain as to the 
real quantity of evaporation from watery fluids, can be de- 
termined by fuch experiments, however carefully they 
may be made. 

EXPERIMENT II. 

To meafure with more certainty the real quantity of 
evaporation, I attempted in the next place to examine 
what it was in fact from the furface of a river. This ex- 
periment was made in the following manner : I filled one 
of the veflels with river water, and placed it as before. 
The other I fixed in the centre of a circular board of three 
feet diameter. This inftrument, by means of a line 
fattened to a tree on a fmall ifland, was placed fo as to 
float near the middle of Menimack river. To defend the 
tube againft the dews and rain, a circular piece of glafs, 
fifteen inches diameter, was fupported by wires fixed to 
the board, eight inches above the tube; and the whole 
was fo balanced by weights as to leave half an inch of the 
tube above the furface of the water. When thus afloat I 
filled the tube with water, propofing to let it remain in 
this fituation a week, to fee how much would evaporate in 
that fpace of time. After repeated difappointments by 
the rain, wind and waves, for three months, I at laft fuc- 
ceeded in trying the experiment from Auguji 26th, to 
September 2d. During that time there was little wind, 

ftill 
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ftill water, no rain, nor any thing to difturb the experi- 
ment. The event was, that at the end of the feventh day, 
the tube was exhaufted 1.15 inch. And that no water 
had got into the tube in that time, I was certain from this 
circumftance; all that part of the furface of the board 
which was within half a foot of the tube was dry every 
morning and evening. In the other tube, the evaporation 
in the fame time was 1.50 inch; which gives 35 decimal 
parts of an inch difference between the real evaporation 
from the furface of the river, and that of the water when 
fufpended in the air, as in the other veffel. All the eva- 
porations therefore meafured the latter of thefe ways, 
ought to be diminifhed in this proportion, to have the true 
quantity fuch as it is in nature. 

EXPERIMENT III. 

Thefe experiments on watery fluids put me upon en- 
quiring what the evaporation was from the furface of the 
earth. To determine this, Sept. 14, two days after there 
had been any rain, I funk one of the veffels into the earth 
in a light foil, fo as to take up all the earth contained in 
a fpace equal to the contents of the veffel. Having care- 
fully weighed the veffel with the earth it contained, I fix- 
ed it in the ground in a plain open field, where it was ex- 
pofed to the fun and wind, but defended from the dew and 
rain, as in the former experiment. At the end of /even 
days I took it up, and weighing it again found it had loft 
783 grains, troy. The diameter of the veffel being three 
inches, its furface expreffed in Whole numbers was equal 
to nine fquare inches. Dividing the number of grains that 
evaporated, 783, by the number of fquare inches contain- 
ed in the furface of the veffel, 9, we (hall have 87 grains 
for the evaporation from one fquare inch ; and this, (af- 
fuming 254 grains as the weight of a cubic inch of water) 
will give -JL-ty. parts of an inch, as the depth of water that 
pafTecl off by evaporation. In the other veffel filled with 

water, 
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"water, and placed as before, the evaporation in the fame 
time was exactly one inch. If this experiment may be 
fuppofed to reprefent the operations of nature, the con- 
clusion will be, that the evaporation from the furface of 
the earth, is but little more than one third of what the 
evaporation is from the furface of water, 

EXPERIMENT IV. 

Another thing I had in view was to know what the eva- 
poration was from plants and trees. In order to make an 
eftimate of this, Augufi 20, I took up four different forts 
of plants, with as much of the earth adjoining to each as 
wholly covered their roots. Each plant, with the earth 
thus about it, being fix inches fquare, I put into a wooden 
box of the fame form and fize. The boxes were covered 
with thin lead, well cemented at the joints, that nothing 
might evaporate that way ; and had two apertures at the 
top ; one, to admit the ftem of the plant, the other, that 
the plant might be fupplied with water, but which was 
kept flopped when not in ufe. Having taken the weight 
of each, I placed them in the ground that they might have 
the fame degree of heat as before ; leaving as much of the 
plant above the furface of the earth, as when it was in its 
natural ftate. In this fituation I added known quantities 
of water, aiming to put in from time to time as much as 
I thought they would throw off. At the end of thirty 
days I took them up, taking an account of their weight as 
before, and alfo that of each plant. The refult is expref- 
fed in the following particulars : 

The fever al forts Weight of the Water evaporat- 



of plants. 


plants. ed in 30 days. 

Grains. Grains. 


Apple tree, - 
Alder tree, 


- - 23 - - - - I27I 
" - 3O - - - - 2593 


Spear mint, - 


- - 22 - - - - 5186 


Clover, - 


- - 43 - - - - 1894 
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In this experiment, the evaporation from thefe four very 
fmall plants was 10944 grains; amounting to about 43 
cubic inches of water, in thirty days. The evaporation 
in the fame time from the vefTel fufpended in the air, was 
4.25 inches in depth : The quantity therefore thrown off 
by the plants, was more than what the evaporation would 
have been from a watery furface, of ten inches fquare. If 
this way of reafoning may be applied to fields covered with 
trees, grafs, and other vegetables, the inference will be, 
that the evaporation for feveral months is greater from 
them, than it is from equal areas of the furface of water. 

METEOROLOGICAL OBSERVATIONS made 
at Bradford in 1772. 

THE inftruments ufed in the following obfervations, 
the times at which they were taken, and the method in 
which they are fet down, were defcribed in the paper fent 
to the Society laft year. With regard to thofe of the pre- 
fent year the following things are to be obferved : The 
barometrical obfervations till Nov. 6, muft be viewed as 
imperfect, being taken with a barometer of too fmall a 
bore. From the 6th of November to the end of the year, 
they are very exact ; being taken by a very good barome- 
ter made by Nairne. In meafuring the quantity of eva- 
poration, I ufed a tube three inches diameter and fix deep ; 
which was filled once a week. The rain was meafured by 
a tube of the fame form and fize. In all other refpe&s, 
the fame method was obferved as in the meteorological 
obfervations of 1771. 

The obfervations taken by the barometer and thermome- 
ter are fet down in three columns ; the firft column con- 
tains the obfervations taken ufually about 6 h A. M. the 
fecond at noon, and the third at c) h p. m. The other co- 
lumns give the general ftate of the winds and weather of 
the day. 

JANU- 
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Fair A. M; cloudy P. M. 

Fine bright day. 

Clo. day ; hea. ftor. of fn. & hail in the nig. 

Dull cloudy day. 

Flying clouds, with bright intervals. 

Fine bright day. Aur. Btr, in the night. 

Fine pleafant weather. 

Cloudy dull day. 

Rainy A. M; cloudy P. M. bright even. 

Fair and clear. 

Ditto. 

Fair day. 

Fair day; cloudy evening. 

Snow A. M; clear P. M. 

Clo. A. M ; fn. with ra. P. M. & in the nig. 

Fair pleafant day. 

Flying clouds, with bright intervals. 

Fine pleafant day. 

Ditto. 

Cloudy day; rain in the night. 

Fine pleafant day. 

Ditto. 

Ditto. 

Ditto. 

Heavy ftorm of fnow and rain all day. 

Flying clouds, with bright intervals. 

Fine pleafant day. Aur. Btr. in the nig. 

Ditto. 

Ditto. 


to 

B 


S. 

W. little. 

E. frefli. 

S. to N. W. frefli. 

N. W. frefli. 

N. W. Uttle. 

S. W. to W. 

N. to E. S. E. 

S. to W. frefli. 

N. W. frefli. 

S. W- to W. frefli. 

N.W. 

N. W. toN. E. 

N. to W. 

W. to E. 

S. W. Uttle. 

W.toS. W. frefli. 

S. W. Uttle. 

S.W. 

Ditto. 

W. S. W. 

Ditto, frefli. 

W. 

S. W. to E. 

N. E. to S. ftrong. 

W. to N. ftrone. 

w. 8 

S. W. Uttle. 
Ditto, frefli. 
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The greateft height of the barometer this year, was.on 
the 1 7th of November : The mercury was then at 30.5^ 
inches. The leaft height was 28.24- inches on Auguft the 
26th. The thermometer on the 29th of July, rofe to 
$6°±; on February the 13th, it -flood at 3 ; The former 
was the greateft, the latter its leaft height. The quantity 
of rain that fell in the year was 36.30 inches. The 
quantity of evaporation, meafured by filling the veflel 
once a week, came out 42.65 inches. 

It is however to be obferved that difFerent methods of 
meafuring the evaporation, will lead to different conclufi- 
ons. It was becaufe the tube was of too fmall a diameter, 
and not filled often enough, that the quantity of evapora- 
tion came out fo fmall in 1771. The method of making 
the experiments being altered, the evaporation turns out 
very difFerent in 1 772. If the experiments could be made 
on the furface of a watery fluid the refult would determine 
the quantity of evaporation, with much greater certainty 
and accuracy, than can ever be done by means of a veflel 
iufpended in the air. 

OBSERVATIONS in 1777 

The quantity of rain which fell in 
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To meafure the quantity of rain, I fixed a tube about 
three inches diameter, in fuch a manner as to receive the 
rain as it fell; which I meafured as foon as it was over, 
and added up the whole of each month together. In this 
account the fnoiv and hail are included : Thefe were 
meafured by taking up in the tube all the fnow or hail that 
fell on a fpaee equal to its furface, and then melting it. 
The method of meafuring the quantity of evaporation by 
a tube fufpended in the air being uncertain and inaccu- 
rate, thofe obfervations are omitted. 

The greateft height of the barometer this year, was on 
the 22d and 23d of February: The mercury at i2 h on 
each of thefe days, was at 30.6 inches. The leaft height 
was 28.6I inches, on December 26th at i2 h ., The ther- 
mometer on the 8th of July, at I2 h 4, rofe to 96 ° 4- : On 
February the 2 2d, at 8^ a. m. it flood at 9°4- below o. 
At both thefe times the thermometer was hung in the 
open air, in a fhade : The former was the greateft, the 
latter its leaft height. The quantity of rain this year 
amounted to 26,55 inches. 

On the 1 7th of July there was an Aurora, uncommon 
in this refpect, that there were feveral appearances of it in 
the fouth : The firft of thefe was about 9 h . It began about 
20 above the horizon and inftantly fpread itfelf in a ho- 
rizontal direction to the diftance of30° each way from 
the meridian. For the fpace of one quarter of an hour 
there were five fuch appearances, all in the fouth as before; 
their duration was not more than half a minute, and their 
colour a pale light, exa&ly like that of the Aurora in the 
north. 

There was alfo a remarkable Hurricane this year, 
the effects of which were principally felt at Salisbury* 
Amesbury, and Haverhill. Thefe towns lie on Merrimack 
river, on the north fide ; Salifbury being the place where 
the river empties itfelf into the ocean. 

The 



REMARKABLE HURRICANE 137 

The hurrieane came on Augujl 14th, 1773. Its rife 
was very fudden, and without any previous uncommon 
appearance in the Iky, or other fymptom of its approach. 
In the morning there was a light breeze of wind at the 
eaft, attended with plentiful mowers. At j h 4. the wind 
veered about to fouth-eaft, where it became a brifk gale. 
In about two minutes, it got into the fouth-weft, and be- 
came on a fudden very violent. From thence in about two 
minutes more, it fhifted to weft-north-weft, and then fud- 
denly died away to a moderate breeze. While the wind 
was thus changing, it feemed to blow in every direction ; 
the gufts became very violent, and formed many little 
whirlwinds all around, attended with a very heavy mow- 
er of rain, and an uncommon darknefs. 

At the place where Salisbury and Amesbury join, the 
violence of the hurricane was very great. Its firft appear- 
ance was on Merrimack river. At the time when the wind 
was veering to the fouth-eaft, its waters feemed to be in- 
ftantly thrown into a violent agitation ; and came rolling 
from the eaft as if they would have overflowed the banks. 
The hurricane immediately ftruck the fhore at Salifbury- 
Point and Amefbury, levelling before it feveral well built 
houfes almoft new, unroofing, twifttng, and wrecking 
others ; and thus tearing down, or fhattering moft of the 
buildings that were in its way. "Several buildings were 
mattered to pieces, and others removed in an inftant. A 
fail-maker's loft in which a man was fitting, was carried 
away and difperfed in a moment ; the unhappy man be- 
ing found fenfelefs at the diftance of 94 feet from the place 
where the loft flood. A large oak poft 14 feet in length 
and 1 1 inches in diameter, was taken up and carried by 
the wind 138 feet. Two new veflels of 90 tons burthen, 
were lifted up from the blocks and carried to the diftance 
of 22 feet. And a large bundle of fhingles was taken up 
from the earth and thrown near 330 feet, in a direction 
contrary to that of the poft and veflels. The trees around 

were 
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were torn up, the fences were thrown down, featured or 
carried off, and the various kinds of lumber that lay dif- 
perfed on the fhore, were whirled about in different direc- 
tions, and to different diftances. Some houfes and veffels 
that feemed the moft expofed to the wind, fuffered nothing 
at all ; and others that feemed to be the leaft expofed, were 
much damaged or carried off. The number of buildings 
that fuffered was about 120 : And though many perfons 
were carried to fome diftance, and others much hurt, be- 
ing covered in the ruins or in the cellars of their houfes, 
no lives were loft. At the place where this deftruction 
was done, the buildings were pretty thick, amounting to 
about 150. The general direction of the hurricane was 
from eaft-fouth-eaft to weft-north-weft. Its extent, in 
width, was about a quarter of a mile ; in length, about a 
mile and three quarters : And its duration, not more than 
four minutes from the time it firft began till all became 
{till and quiet again. 

At the fame time confiderable damage was done at Ha- 
verhill, ten miles higher up the river. There the hurri- 
cane came on from the fouth-weft. Its firft effect was the 
deftru&ion of a large new barn. The barn containing a 
large quantity of hay and grain, was cruftied down in an 
inftant. The hay, boards and mingles were fcattered 
round to all points of the compafs, to the diftance of 
four or five rods from the place where the barn flood j 
and fome of them were carried to the diftance of three 
miles north-eaft. A large dwelling houfe at eight or ten 
rods diftance, was much damaged ; every board and rib 
was torn from the roof, and the chimney wrecked to the 
foundation. Five barns were almoft wholly deftroyed, 
and a number of houfes and other buildings were much 
damaged. In fome, the windows and doors were drove 
in; in others, the boards and fhingles were ripped off and 
fcattered in all directions. The ftone walls in fome places 
were almoft levelled with the ground} and the trees to the 

number 
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number of five hundred were fwept off in the fpace of a 
mile. The general direclion of the hurricane was diffe- 
rent here from what it was in Salifbury, being from fouth- 
weft to north-eaft. Its extent was about three miles in, 
length, and half a mile in width : Its duration not more 
than four minutes. The •violence of the hurricane was 
probably as great at Haverhill, as it was at Salifbury : But 
as it paffed half a mile above or north-weft of the centre 
of the town, where the buildings were not very thick, the 
damage done by it was much lefs. 

To what extent the difturbance in the atmofphere reach- 
ed, cannot be exactly determined. Though it did not 
form whirlwinds of fuch force as to produce any remark- 
able effects at any other places but thofe mentioned above, 
it evidently extended to all the towns on Merrimack river, 
from the mouth to fome miles above Haverhill. In all the 
adjacent towns, the fudden change and different directions' 
of the wind, with their effects in twifting the trees, corn, 
&c. were obferved to the diftance of fix or eight miles 
on each fide of the river. And yet there did not feem to 
be any very great alterations in the weight or temperature 
of the atmofphere, at any confiderable diftance from the 
place where the winds were fo violent. At Bradford 
©ppofite to Haverhill, and not more than a mile from 
the place where the damage was done, the barometer at 
7 h a. M. flood at 29,8^- inches. At the time of the hur- 
ricane it fuddenly fell to 29,6^ ; and juft after to 29,5', 
which was its leaft height that day. By noon it rofe to 
29,7'i, and at g h p. m. it got up to 29,8^- ; alterations very 
common in this part of America. Farenheit's thermome- 
ter in the morning was at 74° ; at noon and g h p. M. it was 
one degree lower : The wind continuing very moderate 
between weft and north-weft from 8 h a.m. till night. 

From thefe phenomena we may form fome probable 
conjectures as to the caufe and origin of the hurricane. 
What occafioned fuch a violent irregular commotion in the. 

air, 
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air, was probably the great rarefaction of it. The wea- 
ther, for a week before, had been uncommonly hot, and 
the wind conftantly at fouth or fouth-weft. The air next 
to the furface of the earth rauft therefore have been great- 
ly heated and rarefied ; and probably was become fpecifi- 
cally lighter than the air in the higher regions. The con- 
fequence would be that the lighter rarefied air would af- 
cend, while the heavier condenfed air would defcend; and 
in this way the equilibrium of the air would be deftroyed : 
To the place where the equilibrium of the air was thus bro- 
ken, the adjacent air would inftantly flow on every fide as to 
a common centre ; forming eddies and whirlpools, and thus 
affuming a circular motion. And this it is probable gave rife 
to thofe fudden changes, different directions, and violent 
gufts of the wind. The place where this circular motion 
began, feems to have been in the upper region of the air, 
at fome diftance from the furface of the earth; for feveral 
of the effects of the hurricane bear the marks of a defcent. 
At the place where it firft ftruck Merrimack river, it hove 
up the waters, as if fome great force had been impreffed 
upon its furface : And at Haverhill, where it was firft felt 
it crufhed a barn to pieces as if fome immenfe weight had 
fallen upon it. When the defcending air and whirl came 
to the earth, being flopped in its defcent it feems to have 
inftantly fpread itfelf in to a larger circle or compafs, blow- 
ing every way from the centre. And hence the pieces of 
the barm that was crufhed down by it, became fcattered 
to the diftance of four or five rods all around. A defcent 
of the air in one place would be immediately fucceeded 
with an a/cent of it in another. And thus the whirlwind, 
where the air was defcending crufhed down the buildings 
before it : But where the air was afcending, lifted up, un- 
roofed, or carried them away ; fhattering and throwing off 
the materials thus carried up, as they came to the extre- 
mity of the whirl, in tangent lines, to different diftan- 
ces and in all directions. Befides this circular, the whirl- 
winds 
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winds had alfo a progrejfivc motion. Had the different 
winds by which the whirlwinds were formed been of 
equal violence, the whirlwinds would have been ftation- 
ary conufting only of a circular motion ; but being of 
unequal violence, the whirlwinds had a progreffive moti- 
on, proceeding in different directions at different places, 
according to the direction of the ftrongeft wind. 

The fummer preceding this hurricane had been in fome 
refpects different from what is common in this part of the 
country. There had been an uncommon drought for two 
months before, which was no where more fevere than in 
the towns upon the river ; and in no fummer for feveral 
years, have we had fo much hot weather. This circum- 
ftance is agreeable to the prefumption of theory ; for, if 
whirlwinds and hurricanes are derived from the great ra- 
refaction of fome part of the atmofphere, it might be ex- 
pected that the times in which they would happen, would 
be in the moft calm, or hot weather. 



N° X. 



A Letter from J. Madison, Efquire, to D. Rit- 
TENHOUSE, Efquire. 



William and Mary College, Virginia, November, 1779. 
DEAR SIR, 

AGREEABLY to promife, I bow tranfmit you a 
feries of obfervations upon our climate. They 
comprehend an entire year, and part of the fucceeding. 
I thought once of fending you only a mean of the obfer- 
vations for each month, but as it was a part of our natu- 
ral hiftory, which has never yet been made public, 1 have 
therefore fent a copy of the journal. Some Angular cir- 

U cumftauces 



